Tissue and subcellular distribution of dihydropyrimidine dehydrogenase. Tis sues were homogenized in buffer A (10mM potassium phosphate buffer, pH 7.4, 5 mM 2-mercaptoethanol and 2.5mM MgCl2). Dihydropyrimidine dehydrogenase activity in crude homogenate was estimated. For the estimation of subcellular distribution, rat liver was cut into small pieces, and homogenized in 5 volumes (v/ w) ice-cold medium (5mM Tris-HC1 buffer, pH 7.3, and 0.25M sucrose) in a Potter-Elvehjem homogenizes. The homogenate was fractionated by the method mentioned previously (10). The following enzyme markers were assayed to assess the purity of the various subcellular fractions: lactate dehydrogenase for cytosol (11); glutamate dehydrogenase for mitochondria (12); catalase for peroxysomes (13); glucose-6-phosphatase for microsomes (14).
Molecular weight determination. Gel filtration was performed according to the method of Andrews (15) with a column of Sephacryl S-300 equilibrated with buffer A. The column was calibrated with the following markers: pyruvate kinase (230,000), catalase (240,000), aldolase (158,000), alcohol dehydrogenase (141,000), and bovine serum albumin (68,000). Subunit molecular weight was determined by SDS-polyacrylamide gel electrophoresis (16). Preparation of antiserum. Purified dihydropyrimidine dehydrogenase (0.2 mg) was emulsified with an equal volume of Freund's complete adjuvant and injected twice into the foot pad of rabbits at 2-week intervals. Two weeks after the second injection, 0.1mg of the enzyme was injected intravenously. Rabbits were bled 1 week after the final injection. Control serum was prepared from rabbits prior to the first injection of purified enzyme. Immunoprecipitation and immunodiffusion procedures have been described in a previous report (18). Administration of vitamin B2-deficient diet. The composition of vitamin B2-deficient and control diet is shown in Table 1 . Four-week-old rats were given a vitamin B2-deficient or a control diet for 5 weeks and were examined for vitamin B2 content, dihydropyrimidine dehydrogenase, glutathione reductase and tyrosine aminotransferase activity in the liver.
Protein measurements. Protein concentration in partially purified enzyme was measured by the Folin-Lowry method (20) and by dye-binding assay using Bio-Rad protein assay in the purified enzyme.
RESULTS

Distribution of dihydropyrimidine dehydrogenase in rat liver
Dihydropyrimidine dehydrogenase, which catalyzes NADPH-dependent Increase of body weight in the rats fed on vitamin B2-deficient diet was slightly inhibited comparing with the rats fed on control diet. As shown in Fig. 1 changed (Table 4) .
DISCUSSION
The molecular weight of rat liver purified enzyme was 207 ,000 and was composed of two similar subunits. The enzyme contained 2mol of flavin nucleotide and l4mol of iron per mol of enzyme. The ratio of FAD to FMN was 1.0. The enzyme was originally purified from rat liver by Shiotani and Weber (6), and our data concerning the molecular weight of the enzyme were similar to their values. However, our results differ in that the flavin and iron content were not similar, as they reported that the enzyme contained 4mol of FAD and 3mol of iron per mol of enzyme. The enzyme described in this paper contained about 1mol of FAD and 1mol of FMN per mol of enzyme by an HPLC. FAD and FMN may combine respectively to subunits which have similar molecular weight but which are di ff erent. The difference between our data and that of Shiotani and Weber (6) may result from the difference in the method of flavin measurement. They determined the flavin content from the absorbance at 450nm, but the absorbance at 450nm may coincide with additional absorbance in the visible region which may be due to an iron-sulfur center. Dihydropyrimidine dehydrogenase from pig liver was recently purified by Podschun et al. (22) . The pig liver enzyme had a molecular weight of 206,000 and was apparently composed of two similar subunits. The pig liver enzyme contained 4 mot of flavin nucleotide and 32mol of iron per mol of enzyme. Flavin released from the pig liver enzyme was identified as FAD and FMN in equal amounts. The absorption ratio (A269/A432) is 3 for pig liver purified enzyme. We found that the absorption ratio was 6.6 for rat liver purified enzyme. Thus the rat liver enzyme may be in a half reduced form due to elution with NADPH from ADP-Sepharose, while the pig liver enzyme was eluted with KCl. Dihydropyrimidine dehydrogenase may be species specific, since antiserum to rat liver enzyme did not precipitate dog or guinea pig liver enzyme activity. Iron tightly bound to the enzyme and could not be removed by EDTA or other chelating reagent treatments. However, the accurate content of flavin as well as iron in native dihydropyrimidine dehydroge nase should be determined by further detailed studies.
On the other hand, the roles of flavin bound to the enzyme are thought to be follows: 1) an electron acceptor or donor; 2) to maintain the active structure of dihydropyrimidine dehydrogenase; 3) to regulate the degradation rate or the synthesis of dihydropyrimidine dehydrogenase in vivo. In the case of glutathione reductase in erythrocytes, holoenzyme decreases and apoenzyme increases by vitamin B2 deficiency (23). Addition of FAD recovers the activity in vitro and total enzyme activity with flavin does not change. So in erythrocytes, flavin is related to glutathione reductase enzyme activity and it does not change half-life of the enzyme. However, it was suggested that flavin regulates the degradation rate or the synthesis of dihydropyrimidine dehydrogenase in vivo, in liver, because of the decrease in dihydropyrimidine dehydrogenase activity (Fig. 1 ) and the decrease in enzyme levels (Fig. 2) 
